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SPECIFICATION 

1. Title 

METHOD FOR MANUFACTURING ALUMINUM-BASED COMPOSITE HOT-DIPPED STEEL 

SHEET 

2 . Claims 

(1) A method for manufacturing aluminum-based composite hot- 
dipped steel sheet comprising a step of dipping pretreated steel sheet 
in a plating bath, thereby plating it, and a subsequent step of 
controlling the adhesion quantity, 

said method employing, as the aforesaid plating bath, a bath that 
is prepared by adding, to an Al-based Al-Zn alloy bath containing Zn 
in a quantity of more than 1% but 30% or less and Si in a quantity of 
more than 1% but 12% or less, one or more elements selected from Mg, 
Mn, Cr, and Misch metal in the following quantities: Mg, 0.01 to 1.0%; 
Mn, 0.01 to 0.5%; CR, 0.01 to 0.5%, and Misch metal, 0.01 to 2.0%. 

(2) The method for manufacturing aluminum-based composite hot- 
dipped steel sheet according to Claim 1, in which the adhesion 
quantity is adjusted to 30 g/m 2 or less (one side) . 

(3) A method for manufacturing aluminum-based composite hot- 
dipped steel sheet comprising a step of dipping pretreated steel sheet 
in a plating bath, thereby plating it, and a subsequent step of 
controlling the adhesion quantity, 
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said method employing, as the aforesaid plating bath, a bath that 
is prepared by adding, to an Al-based Al-Zn alloy bath containing Zn 
in a quantity of more than 1% but 30% or less and Si in a quantity of 
more than 1% but 12% or less, one or more elements selected from Mg, 
Mn, Cr, and Misch metal in the following quantities: Mg, 0.01 to 1.0%; 
Mn, 0.01 to 0.5%; Cr, 0.01 to 0.5%, and Misch metal, 0.01 to 2.0%, and 
by further adding Sb in a quantity of 0.01 to 0.5%. 

(2) The method for manufacturing aluminum-based composite hot- 
dipped steel sheet according to Claim 3, in which the adhesion 
quantity is adjusted to 30 g/m 2 or less (one side) . 
3. Detailed Description of the Invention 

The present invention pertains to a hot -dipped sheet production 
method that dips pretreated steel sheet in a plating bath, thereby 
plating it, and subsequently adjusts the adhesion quantity, said 
method employing an aluminum-based alloy bath to obtain products /274 
having excellent corrosion resistance and wet corrosion resistance as 
well as an excellent chemical -conversion-coating property. 

Most of the conventional aluminum hot -dipped steel sheets are 
products that are plated in an Al bath containing Si, which is added 
for the purpose of inhibiting the formation of an alloy layer, at a 
bath temperature of 650°C or higher. Because these aluminum hot-dipped 
steel sheets are excellent particularly in corrosion resistance and 
heat resistance when compared with zinc hot -dipped steel sheets or Zn- 
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Al alloy hot-dipped steel sheets, they are widely used for building 
materials, such as roofs, walls, etc., components of household 
electrical appliances, automotive components, and the like that 
especially require the aforesaid characteristics. 

However, since the addition of Si does not inhibit the formation 
of an alloy layer sufficiently in aluminum hot-dipped steel sheets,, a 
hard and brittle Fe-Al alloy is formed at the interface of the plated 
layer and steel substrate, and the resulting sheets do not have enough 
processability to bear harsh processes, such as drawing, etc. 
Furthermore, with respect to corrosion resistance, because they do not 
have cathodic-corrosion resistance, they have the shortcoming of 
forming red rust easily if sheet processing causes cracks in the 
plated layer or if pinholes are formed in the plating process. 

Meanwhile, as a method for obtaining products without these 
shortcomings, the method that conducts plating in an Al -based alloy 
bath prepared by adding 5 to 25% Zn and 3 to 12% Si to an Al bath is 
known ( JP-B-S46-004045) . Compared with the aforesaid production method 
of aluminum hot-dipped steel sheets, this method has better 
operability and also yields improved products, which have improved 
bending workability of the plated layer, corrosion resistance of a 
bent section, and so forth. In a Cl ion ambience, however, pitting 
corrosion of the plated layer progresses rapidly; therefore, it is 
problematic to use the resulting products of this method for 
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components around the bottom of an automobile, which are susceptible 
to salt damage. 

The present invention intends to provide a hot-dipped steel sheet 
production method that does not present the aforesaid shortcomings and 
that, as a part of diversification of Al-based hot-dipped steel sheet 
applications, can be used for production of wet-corrosion-resistant 
materials for automotive muffler use, which have been in high demand 
in recent years, materials suitable for alcohol -based fuel tanks, or 
materials for high-anticorrosion surf ace- finish steel sheets. 

Automotive mufflers experience repeated wet and dry cycles having 
large temperature differences, and alcohol -based fuels contain 
moisture; therefore, the materials must have excellent wet corrosion 
resistance in addition to corrosion resistance and heat resistance. 

With respect to the surface-finish steel sheets, they are 
required to have an excellent chemical -conversion-coating property and 
also corrosion resistance, and they are also required not to form 
pinholes even with a light coating weight of 30 g/m 2 or less per side. 

In order to solve the shortcomings described in the foregoing and 
to meet these demands, the present inventors researched extensively 
and, as a result, learned that the objective could be achieved by the 
use of a bath that was prepared by adding, to an Al-based Al-Zn alloy 
bath containing Zn in a quantity of more than 1% but 30% or less and 
Si in a quantity of more than 1% but 12% or less, one or more elements 
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selected from Mg, Mn, Cr, and Misch metal in the following quantities: 
Mg, 0.01 to 1.0%; Mn, 0.01 to 0.5%; Cr, 0.01 to 0.5%, and Misch metal, 
0.01 to 2.0%, or by the use of this bath to which is further added Sb 
in a quantity of 0.01 to 0.5%. 

The following explains the reasons for the plating-bath 
compositional limits set in the present invention. 

(1) Zn 

Zn, together with Si, exhibits the function of decreasing the 
plating temperature, thereby inhibiting the development of an Fe-Al 
alloy layer, and it also has cathodic-corrosion resistance, thus 
improving the corrosion resistance of a processed section and also 
preventing the formation of pinholes even with a light coating weight. 
To obtain these effects, it must be added in a quantity of more than 
1%. However, if the addition quantity exceeds 30%, the crystal 
structure of the plated layer has a decreased a-Al initial 
crystallization phase and becomes a eutectoid structure comprised of 
the aforesaid phase and the p-Zn phase, thereby affecting the 
characteristics of Al plating. For this reason, the addition quantity 
of Zn is set to more than 1% but 30% or less. 

(2) Si 

Si is added to inhibit the development of a Fe-Al alloy layer in 
the plated layer, but this effect cannot be obtained if the addition 
quantity is 1% or less. However, if the quantity exceeds 12%, 
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increasing the addition quantity does not increase the alloy-layer 
inhibition effect when the plating bath temperature is high, and the 
formation of the Al-Si eutectoid structure becomes extensive, thereby 
deteriorating the quality characteristics of the plated layer. For 
these reasons, the addition quantity of Si is set to more than 1% but 
12% or less. 
(3) Mg 

Mg crystallizes in the vicinity of the P~Zn phase during the 
solidification of the plated layer and inhibits contact corrosion 
brought about by the a-Al phase and the (3-Zn phase, thereby delaying 
pitting corrosion, and it also forms a stable Mg oxide film on the 
surface of the plated layer and protects the plated layer, thereby 
further improving corrosion resistance. However, these effects of Mg 
can be obtained when it is added in a quantity of 0.01% or more, and /275 
less than 0.01% is not enough. 

On the other hand, if the addition quantity exceeds 1.0%, Mg is 
readily oxidized at the surface of the bath and forms a large quantity 
of dross, thereby reducing the Mg yield rate, which, in turn, causes 
cost increase, and also thereby significantly changing the bath 
composition, which makes the bath-composition control difficult. 
Furthermore, with respect to appearance, the plated layer shows 
wrinkles or blackened Mg oxides formed on its surface. In addition, an 
Mg-Si intermetallic compound is formed inside the plated layer, 
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thereby deteriorating corrosion resistance and workability. For these 
reasons, the addition quantity of Mg is set to a range of 0.01 to 1.0%. 

(4) Mn and Cr 

Mn and Cr improve the corrosion resistance of Al alloys, but this 
effect decreases in the co-presence of Zn. Therefore, to improve 
corrosion resistance in the co-presence of Zn in a quantity that is 
more than 1% but 30% or less, the addition of 0.01% or more is 
necessary for both Mn and Cr. On the other hand, the addition of more 
than 0.5% of Mn or Cr causes the product appearance to deteriorate and 
also necessitates the increase of the bath temperature for the sake of 
better plating, thereby decreasing operability and also promoting the 
development of an alloy layer. For these reasons, the addition 
quantities of Mn and Cr are both set to 0.01 to 0.5%. 

(5) Misch Metal 

Because Misch metal uniformly disperses among the oc-Al crystal 
grains and also makes the crystal grains finer, it improves corrosion 
resistance and bending workability. In addition, it has the effect of 
inhibiting pinhole formation in thinly coated products or of 
dramatically improving corrosion resistance by a combined use with Mg. 
Its effective addition quantity is 0.01% or more, but adding it in an 
excess of 2.0% causes a formation of dross at the surface of the 
plating bath and decreases the effective yield rate, thereby causing 
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cost increase and also thereby making the bath-composition control 
difficult. For these reasons, the upper limit is set to 2.0%. 
(6) Sb 

Sb improves the chemical -conversion-coating properties (for 
example, chromate filming property, precoating processability , etc.) 
and prevents the coated film from blistering. However, if Sb is added 
alone, it promotes pitting corrosion and decreases corrosion 
resistance; therefore, the present invention adds Sb in combination 
with ant icorrosion- improving elements, such as Mg, Mn, etc., for the 
purpose of improving the chemical -conversion-coating properties. 

Sb improves the chemical -conversion-coating properties when added 
in a quantity of 0.01% or more, and this effect improves as the 
addition quantity increases, but corrosion resistance deteriorates. 
When the addition quantity exceeds 0.5%, further improvement of 
corrosion resistance cannot be expected even if Mg, Mn, etc., are used 
together with Sb. Furthermore, Sb forms dross at the surface of the 
plating bath, and the bath-composition change caused by a yield-rate 
drop also becomes extensive, thus making the bath control difficult. 
For these reasons, the addition quantity of Sb is set to 0.01 to 0.5%. 

The present invention carries out plating with the aforesaid bath 
according to a known plating process. That is, a steel sheet is 
pretreated so as to make the surface condition of the steel sheet 
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suitable for hot dipping, and the sheet is subsequently dipped in this 
bath for plating. 

In the case of the present invention, the process is not limited 
in any specific way in relation to the bath composition. 

The bath temperature for the plating is decreased if the quantity 
of Zn is large and increased if it is small, within the range of 
approximately 620°C to 670°C. 

After the plating, the adhesion quantity is adjusted. It is, 
generally speaking, preferable to carry out the adjustment of the 
adhesion quantity by a gas restriction method [as transliterated] from 
the viewpoint of quality. In the case of the present invention, a 
conventional gas restriction method can be used to adjust the coating 
weight to a lightweight of 30 g/m 2 (one side) or less. 

As for the appearance adjustment conducted after the adjustment 
of the adhesion quantity, the surface may be given a regular spangle 
finish with air cooling or a minimized spangle finish by sudden 
cooling with water-droplet spraying. 

The following explains the present invention, referring to 
working examples. 

Working Example 1 

1. Sample material 

0 . 6 mm thick x 150 mm wide unannealed rimmed steel 

2. Plating conditions 
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(1) Pre-plating Annealing 



Non-oxidizing furnace 


Annealing/Reducing Furnace 


Adjustment Cooling (°C) 


1200-1000 


900-700 


700-600 



(2) Ambient gas AX gas (H 2 : 75%, N 2 : 25%) 

(3) Plating temperature 



Zn (%) 


30-15 


15-5 


0 (Al plating) 


Plating Temperature (°C) 


620±10 


640+10 


670±10 



(4) Line speed 40 to 60 m/min. 

(5) Adjustment of Adhesion Quantity 



A gas restriction method that used exhaust gas /276 
(6) Cooling after plating 
Left standing to cool 

3 . Post -processing 

(1) Chromate filming, oiling ... none 

(2) Temper rolling ... none 

4 . Test Methods 
4 . 1 Workability 

(1) Adhesion ... Cellulose tape-peeling technique that was conducted 
after OT-bending and impact tests (20 pounds/inch) 

(2) Bending workability ... Formation of cracks at an OT-bended section 
was observed with a loupe (X50 to 100) 

Evaluation Criteria 

Small ... Minute cracks 
Medium ... Coarse cracks 
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Large ... Coarse cracks and blistering of the plated layer 
4.2 Corrosion Resistance 

(1) Salt water spray test (in accordance with JIS Z-2371) 

(I) Start time of Red rust formation and appearance change 
after 2000 hours 

(II) Corrosion loss after 10 days 

(2) Cathodic corrosion resistance (sacrificial protection) 

A concentration cell was formed by the coupling of Fe (substrate 
steel) and the plated layer, and its potential was measured. 

(I) Corrosive liquid ...(a) tap water 

(b) 1/6000 M NaCl (PH=5.8) 

(II) Immersion time ... 48 hours 

(3) Muffler Wet Corrosion 

(I) Corrosive liquid 
NH 4 Cl+NH 4 S04+NH2+water 

(II) Method 

A test sample was immersed in the 50 °C corrosive liquid for 30 
seconds, after which the test sample was dried for 20 minutes in an 80 
°C atmosphere. This procedure was repeated 40 times to make up one 
cycle, and this cycle was repeated a given number of times. 

(III) Processing of test sample 
Flat section, 2t bent section 
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(IV) Evaluation 
Incidence rate of red rust 
4.3 Heat Resistance 

After a test sample was heated in a 400 °C atmosphere for 1000 
hours, change in the surface appearance and the formation of an alloy 
layer inside the plated layer were observed in a cross-section of the 
sample . 





Surface Change 


Formation of Alloy in Plated Layer 


o 


No change 


No alloy formation 


o 


Decreased luster, No color change 


Partial alloy formation 


A 


Less than 3 0% color change 


50% or more alloy formation 


X 


Color change of the entire surface 


Alloy formation on the entire surface 



Table 1 shows the quality characteristics of products produced 
according to the present invention (referred to as the invention 
products) and those of conventional products, together with the bath 
compositions . 
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TABLE 1 VARIOUS CHARACTERISTICS OF PLATED STEEL SHEET /277 
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The following can be learned from various characteristics shown 
in Table 1 . 

(1) Workability 

The workability of the invention products were comparable to Al- 
Zn-Si alloy hot-dipped steel sheet, and their alloy layers were 
thinner than that of aluminum hot -dipped steel sheet, thus providing 
better workability to the invention products. When Mg was added within 
the range specified by the present invention, it had no adverse effect 
on workability. 

(2) Corrosion Resistance 

® Salt-water spray test 

The invention products, to which Mg was added, were slow to start 
forming red rust and also slow in forming it. The product (No. 5) 
containing 0.3% or more Mg took 2 to 3 times longer than the product 
(No. 12) containing the same quantity of Zn but no Mg, and this 
tendency was also observed in corrosion loss. Thus, it can be seen 
that the invention products had excellent corrosion resistance. The 
reason for this seems that the addition of Mg inhibited pitting 
corrosion, which is a critical defect for Al-based alloy plated steel 
sheets . 

Table 2 shows corrosion resistance that was achieved when the 
elements other than Mg, that is, Mn, Cr, Misch metal, and/or Sb, were 
added. 
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TABLE 2 EFFECTS OF ADDED ELEMENTS 
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Key: a) classification; b) the present invention; c) comparative 
example; d) bath composition; e) Misch metal; f) adhesion quantity on 
one side; g) red rust after 2000 hours (%) (salt water spray) . 



Similarly to the Mg addition, the addition of Mn, Cr, or Misch 
metal alone to an Al-Zn-Si bath improves corrosion resistance. Misch 
metal is, however, somewhat inferior to the other elements. Therefore, 
Misch metal is preferably used in combination with Mg. 

As seen in the comparative examples, the addition of Sb rather 
deteriorates corrosion resistance. Therefore, Sb must be added in 
combination with Mg, Mn, Cr, or Misch metal. 

© Cathodic corrosion resistance (sacrificial protection) 

The cathodic corrosion resistance of Zn was not deteriorated by 
the addition of Mg, and it maintained cathodic corrosion resistance 
even in a NaCl aqueous solution. 
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(3) Wet corrosion resistance 

In the wet corrosion tests in which was simulated corrosion by 
dew condensation water on automotive mufflers, the red-rust incidence 
rate at a processed section was remarkably smaller than that of the 
conventional products, thus indicating that invention products had 
excellent wet corrosion resistance. 

® Heat resistance 

The invention products, in spite of a large Zn content, had heat 
resistance comparable to that of aluminum hot-dipped steel sheet. 
Judging from the fact that the invention products had further improved 
heat resistance when compared with the products with no Mg addition 
(No. 11, No. 12) and the fact that the improvement of heat resistance 
was smaller when the addition quantity of Mg was smaller (No. 1) , 
whereas it became larger when the addition quantity was increased 
(No. 2), it is conjectured that heat resistance improved because Mg 
inhibited mutual diffusion between Fe and Zn. 

Working Example 2 

Products with light coating weight were prepared under the same 
preprocessing and plating conditions as in Working Example 1, using 
the baths prepared according to the present invention, and by setting 
the gas restriction conditions so as to set the adhesion quantity of 
one side to 30 g/m 2 or less. The treatments conducted after the 
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adhesion quantity was adjusted were carried out under the following 
conditions . 

(D Cooling after plating 

(a) Air cooling (air pressure: 3.0 kg/cm 2 ) 

(b) Air-mix type water cooling (air pressure: 3.0 kg/cm 2 , Water 
pressure: 3.0 kg/cm 2 ) 

® Temper rolling 

Skin pass with dull surface finish Drawing rate: 1.0 ± 0.2% 
® Chromic acid treatment 

(I) Treatment solution ... Arozin #1000 

(II) Treatment conditions ... 65 °C / 2 second immersion 
® Test Methods 

(I) Corrosion resistance ... The relationship between the red- 
rust formation and time in salt-water spray tests 

(II) Pinhole test ... presence or absence of red-rust spots 
after 1000-hour humidity cabinet tests (70 °C, 98% RH) 

Table 3 shows the results of these tests, and it can be seen that 
the addition of Mg improved the chemical-conversion-coating properties, 
but the addition of Sb improved them further. 

Pinholes readily occurred when the quantity of Zn was small or 
when Mn was added alone. With the latter case, however, the pinhole 
formation can be inhibited by adding Mn in combination with Misch 
metal . 
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TABLE 3 VARIOUS CHARACTERISTICS OF PRODUCTS WITH LIGHT COATING WEIGHT/2 7 9 
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Key: a) classification; b) the present invention; c) comparative 
example; d) plating bath composition; e) Misch metal; f) adhesion 
quantity on one side; g) cooling immediately after plating; h) 
presence or absence of spangle; i) temper rolling rate; j) chromate 
film quantity; k) corrosion resistance; 1) red-rust formation time; m) 
presence or absence of pinholes (number of red-rust spots) ; n) air; o) 
water; p) present; q) absent. 

As seen in the foregoing, since the products produced according 
to the present invention exhibited excellent pitting corrosion 
resistance in a salt-water ambience, they can be used for anti-salt- 
damage components used in the lower section of automobiles. 

In addition, they had excellent workability and exhibited 
excellent corrosion resistance and wet corrosion resistance in 
processed sections as well as excellent heat resistance; therefore, 
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they can be applied to automotive mufflers and alcohol -based fuel 
tanks . 

The products in which Sb is further added had improved chemical - 
conversion-coating properties and did not form pinholes even if the 
coating weight was light. This fact, together with the corrosion 
resistance of the plated layer, makes the invention products 
applicable to materials for steel sheets having high corrosion- 
resistant surface finish. 
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